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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
method for chemically synthesizing a long 
chain oligonucleotide comprising >100 
nucleotide units, enabling to simply and surely 
chemically synthesize the oligonucleotide, and 
to provide a new compound to be used for the 
I CPjSQT method. 

fj SOLUTION: This method for chemically 

synthesizing an oligonucleotide comprising a 
prescribed base sequence by a 
phosphoramidate method comprises preparing 
a basic portion-nonprotected nucleoside 
phosphoramidate from a basic 
portion-nonprotected nucleoside by the use of 
imidazole trifluoromethanesulfonate expressed by the below-described chemical 
formula and subsequently coupling the molecules of the prepared basic portion- 
nonprotected nucleosidephosphoramidate in a prescribed order. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] How to carry out chemosynthesis of the oligonucleotide which consists of a 
predetermined base sequence by preparing salt base non-protected nucleoside 
phosphoroamidite from salt base a non-protected nucleoside in the chemosynthesis 
of the oligonucleotide by the phosphoroamidite method using the trifluoro 
methansulfonic acid salt of the imidazole expressed with the following chemical 
formulas, and carrying out coupling of this salt base non-protected nucleoside 
phosphoroamidite in predetermined sequence. 
[Formula 1] 




[Claim 2] The approach of claim 1 which processes the salt base non-protected 
nucleoside phosphoroamidite by which coupling was carried out with the trifluoro 
methansulfonic acid salting in liquid of the benzimidazole. 
[Claim 3] The following chemical formula [** 2] 




The trifluoro methansulfonic acid salt of the imidazole come out of and expressed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Invention of this application relates to the chemosynthesis 
method of an oligonucleotide. Invention of this application relates to the new 
molecular entity used for the new approach of carrying out chemosynthesis of a 
long-chain DNA fragment or a long-chain RNA fragment simple and certainly by 
making salt base non-protected nucleoside phosphoroamidite into a configuration unit, 
and this approach in more detail. 
[0002] 

[Description of the Prior Art] as the approach of compounding the oligonucleotide of a 
DNA fragment or RNA fragment sugar chemically — the phosphoroamidite method 
(Nucleic Acids Research, 17, 7059-7071, 1989) — current — but it is used widely. 
Generally the condensation reaction of the nucleoside phosphoroamidite which made 
tetrazole the accelerator, and a nucleoside is used for this phosphoroamidite method 
as a key reaction. Although this reaction usually occurs competitively in both the 
hydroxyl group for a sugar part, and the amino group of the nucleoside base section, it 
needs to make only the hydroxyl group for a sugar part cause a reaction alternatively 
for desired nucleotide composition. Therefore, he was trying to prevent the side 
reaction to the amino group by protecting the amino group, as the reaction formula 
was illustrated below conventionally. 
[0003] 
[Formula 3] 
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DMTrCL qNH-»H» 



L^ 0 0 HO. B 



2. I^HgO/pyrldlno 



RO' P ^N(#.C 3 H 7 ) 2 



OR 1 



RO' "O^ b nh-«H* 



OR* 



HO' O 



OH 



[0004] However, although the protective group had to be removed at the time of 
synthetic termination, since a complicated organic reaction and an expensive and 
harmful reagent were needed in large quantities operationally, installation and removal 
of this protective group had become a big trouble at the time of enforcing this 
approach in respect of practicality, economical efficiency, environmental preservation, 
etc. for this reason, Letsinger as the chemosynthesis approach of the oligonucleotide 
which makes a configuration unit the nucleoside phosphoroamidite which does not 
protect the amino group is desired and showed the reaction formula below as that 



pioneering thing etc. 

known. 

[0005] 

[Formula 4] 



approach (Nucleic Acids Research, 20, 1879-1882, 1992) It is 



DMTrOw N 



so 



COCONH- 



r. 



1. Py-KC!fim»da£Ole(1:2) 

2. le/H t oyipyi1d»ne 



CH 3 CN, aria 



i-^cpo) 



< N rS 

.o 



[0006] 

[Problem(s) to be Solved by the Invention] however, this Letsinger etc. — in the case 
of an approach (1) Since condensation yield of each step cannot apply to a 
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commercial automatic DNA synthesizer low (99% or more of yield is required of 
composition of the long-chain oligonucleotide of about 97% : 50 or more ****s also at 
the lowest), (2) which cannot compound long-chain oligonucleotides, such as 50 
generally demanded by chemosynthesis, such as DNA, - 100 ****, since only reactant 
specific high nucleoside phosphoroamidite can be used, (3) which applicability is 
narrow and lacks in practicality its moistness is very high, and since the pyridine 
hydrochloride used as an accelerator is an unstable compound, it is difficult handling 
— etc. — there is a fault, practicality and generality are missing and the actual 
condition is not used in fact. 

[0007] Invention of this application is made in view of the situation of the conventional 
technique as above, and aims at offering the new molecular entity used for the 
practical approach of carrying out chemosynthesis of the long-chain oligonucleotide 
of 1 00 or more ****s simple and certainly, and this approach. 
[0008] 

[Means for Solving the Problem] This invention offers the approach of carrying out 
chemosynthesis of the oligonucleotide which consists of a predetermined base 
sequence as what solves the above-mentioned technical problem by preparing salt 
base non-protected nucleoside phosphoroamidite from salt base a non-protected 
nucleoside using the trifluoro methansulfonic acid salt of the imidazole expressed with 
the following chemical formulas in the chemosynthesis of the oligonucleotide by the 
phosphoroamidite method, and carrying out coupling of this salt base non-protected 
nucleoside phosphoroamidite in predetermined sequence. 
[0009] 
[Formula 5] 




[0010] Moreover, by the above-mentioned approach of this invention, it requires also 
as a desirable mode processing the salt base non-protected nucleoside 
phosphoroamidite by which coupling was carried out with the trifluoro methansulfonic 
acid salting in liquid of the benzimidazole. Furthermore, this invention is the following 
chemical formula [0011]. 
[Formula 6] 
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J >CF 3 SO a - 

a* 



[0012] It comes out and the trifluoro methansulfonic acid salt of the imidazole 
expressed is also offered. The artificer of this application etc. namely, as a 
condensation reaction accelerator of nucleoside phosphoroamidite and a nucleotide 
The trifluoro methansulfonic acid salt of the imidazole which is a new molecular entity 
instead of the tetrazole used conventionally The salt base non-protected nucleoside 
phosphoroamidite which used (it is hereafter indicated as imidazolium truffe RATO), 
and was prepared The side reaction to the nucleoside base section amino group did 
not occur, complicated actuation of installation of a protective group, removal, etc. 
was not needed, but invention of a header lever was completed for the ability of that 
composition to carry out with a commercial DNA synthesis machine moreover. 
Furthermore, when the artificer of this application etc. did coupling of the 
above-mentioned salt base non-protected nucleoside phosphoroamidite and he 
processed by the methanol solution of the trifluoro methansulfonic acid salt (it is 
hereafter indicated as BENSU imidazolium truffe RATO) of a BENSU imidazole, the 
side reaction to the base section amino group was suppressed completely, and he 
found out that a more perfect oligonucleotide was compounded, and completed this 
invention. 

[0013] Hereafter, the gestalt of implementation of this invention is explained in detail. 
[0014] 

[Embodiment of the Invention] Imidazolium truffe RATO of this invention can be 
prepared by mixing an imidazole and trifluoro methansulfonic acid to 1:1 Eq among 
dichloromethane, as that example of preparation was shown in the below-mentioned 
example 1. Thus, as shown also in the example 1, obtained imidazolium truffe RATO 
does not have hygroscopicity, either, by the anticipated-use environment condition, is 
very stable and can be dealt with easily. 

[0015] In the chemosynthesis approach of this invention, chemosynthesis of the 
oligonucleotide which consists of a predetermined base sequence is carried out by 
preparing salt base non-protected nucleoside phosphoroamidite from salt base a 
non-protected nucleoside using imidazolium truffe RATO as above-mentioned, 
carrying out a construction unit for this salt base non-protected nucleoside 
phosphoroamidite, and carrying out coupling of each in predetermined sequence. 
[0016] Salt base non-protected nucleoside phosphoroamidite can be prepared by 
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using imidazolium truffe RATO for a catalyst and making salt base a non-protected 
nucleoside react with cyano ethyl screw AMIDAITO, as illustrated in the 
below-mentioned example 2. In this case, since a reaction occurs in the sugar part 
hydroxyl group of a nucleoside alternatively, four kinds of N-non-protected 
nucleoside phosphoroamidite used for DNA synthesis, i.e., a deoxyadenosine, a 
deoxythymidine, deoxyguanosine, and thymidine phosphoroamidite can be obtained 
quantitatively. 

[0017] The oligonucleotide which consists of a desired base sequence is 
compoundable with a well-known solid phase synthesis method etc. by making into a 
configuration unit four kinds of N-non-protected nucleoside phosphoroamidite 
obtained as above. Moreover, this synthetic reaction can also be performed according 
to that protocol using a commercial DNA synthesis machine, furthermore, every which 
carried out coupling by the approach of this invention — it is desirable to boil 
N-non-protected nucleoside phosphoroamidite each time, and to process it with the 
solution (for example, ethanol solution) of bends imidazolium truffe RATO. The side 
reaction to the base section amino group is suppressed completely, and a more highly 
complete oligonucleotide is compounded by this processing. 

[0018] In addition, bends imidazolium truffe RATO is compoundable with the following 
reaction formulae. 
[0019] 
[Formula 7] 

H 

O^n CF3SO3H (i mm 
\r ^ — ^ [ £ /> CF3SO3- 

H H 

100% 

[0020] Hereafter, an example is shown, and about invention of this application, further, 

although explained concretely, this invention is not a detail and the thing limited by the 

following examples. 

[0021] 

[Example] 

Example 1: As that reaction formula was shown below in preparation of imidazolium 
truffe RATO, imidazolium truffe RATO of this invention was prepared by mixing to 
1:1 Eq among dichloromethane and making an imidazole and trifluoro methansulfonic 
acid react for 10 minutes at 25 degrees C. 
[0022] 
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[Formula 8] 



r N ^ cf 3 so 3 h d mm.) 

N CH 2 CI 2 ' 
25 *C, 10 # 



J >CF 3 S0 3 
H * 



99% 



[0023] Obtained imidazolium truffe RATO had the property as shown in Table 1 as a 
result of analysis by the well-known approach. 
[0024] 
[Table 1] 

lb£ 197*1 98 °C 

5cS§£*r Itftfi : C4H5F3N2O3S: 

C, 22.02; H, 2.31 ; N, 12.84 
H)8fl1£ : C, 21.96; H f 2.30; N, 12.74 



[0025] Example 2: Imidazolium truffe RATO obtained in the example 1 was used for 
the catalyst, and the salt base non-protected nucleoside was made to react with 
cyano ethyl screw AMIDAITO, as the reaction formula was shown below in preparation 
of salt base non-protected nucleoside phosphoroamidite. 
[0026] 
[Formula 9] 



[0027] By this reaction, four kinds of N-non-protected nucleoside phosphoroamidite 
shown in Table 2, i.e., a deoxyadenosine, a deoxythymidine, deoxyguanosine, and 
thymidine phosphoroamidite were prepared respectively. As shown also in Table 2, 
each nucleoside phosphoroamidite was obtained almost quantitatively. 




o 

• 

CNCH 2 CH 2 0' P "N(/LC3H 7 ) 2 



[0028] 
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[Table 2] 

NH 2 

96 98 07 99 

>9B >98 >96 >99 

149.0,149.1 149.2.149.3 149.1.149.2 149.0,149.1 

[0029] Example 3: The DNA fragment of 60 **** which showed the base sequence to 
the array number 1 was compounded with the solid phase synthesis method using a 
commercial DNA synthesis machine by making into a configuration unit four kinds of 
N-non-protected nucleoside phosphoroamidite obtained in the synthetic example 3 of 
a DNA fragment. In addition, the reaction cycle was considered as the passage of 
Table 3. 
[0030] 
[Table 3] 



step 


operation 


reagent (s) 


time, mln 


1 


washing 


CH a CN 


0.50 


2 


detrftylation 


3% CCI 3 COOH/CH a CI 2 


1.0x3 


3 


washing 


CH 3 CN 


2,0 


4 


coupling 


0.1 M smldllB /CH 3 CIM 
+ 0.1 MtMT/CH 3 CN 


0,25 


5 


wait 




1.0 


6 


N-P cleavage 


0.3 M BIT/CH 3 CN 


0.50 


7 


wad 




2.0 


8 


washing 


CH a CN 


0.50 


9 


oxidation 


1 M ^ 4 H 0 OOH/CH 2 Cl a 


0.25 


10 


wait 




1.0 



BIT » benzlmidazoflum trlflate; IMT = Jmldazolium trlflate 



[0031] In this synthetic reaction, each step (condensation reaction) in chain length 
expanding as shown in drawing 1 advanced at about 100%, and phosphoric-acid 
section protection 60 **** was usually obtained at 100% of yield. This yield was very 
efficient when it took into consideration that the synthetic yield of 60 **** in the 
conventional method currently performed on the current general target was about 20 
- 40%. Furthermore, as shown in drawing 2 , non-protected DNA60 **** was obtained 




yield, %: 
purity, %: 
3, P NMR, ppm: 
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with quantitive yield by performing deprotection and an elimination reaction by 
ammonia liquor processing (for 25 degrees C and 60 minutes). 

[0032] moreover, when [ which consists of conditions which showed the crude extract 
of obtained non-protected DNA60 **** in Table 4 ] it came out and high performance 
chromatography analyzed, as shown in drawing 3 , the purity was 95% or more. 
[0033] 
[Table 4] 









DEAE-2.5n(250mm) 




0.5 mL/mln 


sue 


25 "C 




A: 20mM Tris-HCI (pH 9.0) 
B:A + 1MNaCI 




A: B (100:0)-»(50:SO) linear gradient 



[0034] 

[Effect of the Invention] The oligonucleotide synthesis method characterized by using 
imidazolium truffe RATO which is the new molecular entity of this invention, and this 
imidazolium truffe RATO has the advantage as follows as explained in detail above. 

(1) Composition of long-chain oligonucleotides, such as 50 as which it is generally 
required by chemosynthesis, such as DNA, since the condensation yield of each step 
can apply also to a commercial automatic DNA synthesizer only by modification of the 
reagent used [ which use it, and is as expensive as 100% and composition-programs ] 
- 100 ****, is possible at 1/10 or less cost of the conventional approach. 

(2) Since unspecified nucleoside phosphoroamidite can be used, applicability is wide 
and practical. 

(3) Imidazolium truffe RATO of this invention used as an accelerator does not have 
hygroscopicity, either, and since it is a stable compound, the handling by the busy 
condition is usually very easy for it. 

[0035] 

[Layout Table] 

array number: — die-length [ of one array ]: — mold [ of 60 arrays ]: — number [ of 
nucleic-acid chains ]: — single strand topology: — nucleic acid besides class: of a 
straight chain-like array Synthetic DNA array TATGGGCCTT TTGATAGGAT 
GCTCACCGAG CAAAACCAAG AACAACCAGG AGATTTTATT 60 
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[Translation done.] 
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(51)IntCl. 6 ^jib^ 

C0 7H 1/00 

C 0 7 D 233/58 

C 0 7 H 21/00 
// C 0 7 D 235/08 



(2) 



> y-T -5 C i: iz <fc y , RFf 3£0> i&»IE?i] * £>&-~Sjf'J 3*51 

[ft 1 ] 

H 

0 >CF 3 S0 3 - 

N + 
H 



[»#JS2] *??U>y*iKfc**»*«K*2L' 

[IMUS3] 9tO>it¥*L 
[ft 2] 

H 
■N 



(T /> CF 3 S0 3 - 



DMTrO^ gNH- 



o 

I 

RO' P "N{AC 3 H 7 ) 2 



HO. 



[»n<D»««;Ki] 

[000 1] 

txXt^TS^-e h^ffiJ&HMii Lt, fiiB©D N AS? 
(DT-££»rStfc:S&£:, C<©:$fl-|::JBl**tt»Mb**|l:: 
[0 0 0 2] 

[ftJtSCD&ffi] DNAHfM-V'RN Agf^fflro^'J ^5?^ 
K^ft^Wlc^j^-r^^rat LTI*. *x*D7- 
5 $V h)£ (Nucleic Acids Research. 17. 7059-7071. 
1989)A*iK£io£*3 ; US$;h.Tl^<5o -KDTfcXTfcdT 

ffiot, WTfc&J£5££#]*L.fc<fc ; 5 

[OO 0 3] 
[ft3] 



OR 1 



1H-telrazale 
Is/HgO/pyridine 



DMTriX s h 
RO' Pk O^ 



OR* 



HO' 'O 



OH 



[0 0 0 4] LfrLfc*^ «a*l4^J-E^7B#lcl*P^ 



TI~JSJ<"iC$5FLf=<fc 5 teLetsinger ^CD^;i (Nucleic 
Acids Research, 20. 1879-1882, 1992) A<»Jt.*lTl^ 

■So 

[0 0 0 5] 
[ft 4] 



(3) 




[0 0 0 6] 

tsinger m<D^ s M<r>m^\z[t. (1) •> Zf(D$fe-£H5l 

mtflS. < ( 9 7 : 5 0 »*J-Ub<D«*;J- 'J 3*5? ? 

l^fctf), DN A^aHt^J&T— ISI-S^$^-I)5 0~ 
1 0 0a^*i:t^ofcS^'J=r^'7^7)-5 1 KCD^fi£*<^ 
pTHfeT?&*K (2) £j£t£<Dm^S<B*?U:t:>K*X 

<. sifflttic^it^,, (3) <sjt»jt LTttffl-rseys? 
fcft, &y^*<sis-?&&iia>:fc£*<fcy. Hffltt, 

-So 

[0007] zo>tum<Df£Wi*. m±<Dttsya>vt&&. 
wa>*Wi-ffi*-T<f**tf=to>-ea&y, iooift;ia± 

[0 0 0 8] 

y p-*<> u*?- K©ft^*BRi=*Ji*r. WT(D<b^5Cr* 

^7btvKt^7|>a7 5^ h£H8U CW^SSP 

7J v 1 <J ^f-T -5 d t iz J: y , mJZ<Dt&&m$lfr 

[0 0 0 9] 
Ut5l 

H 
■N 



r > CF3SO3- 



"N * 
H 



[0010] ztz. za>mwo>±%iijmx'iz. 
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[<b6] 

H 

H >cf 3 so 3 - 

[0 0 1 2] -t?*$^^-f 5^'/- )\,<D h'J ^;u^-dp< 

t k *y >s-jwtt*> y i=*f»nt a»-c & *> -r s y 

8ft«il*£ U*^ K*X*P75*V Mi, 3!^Ut>> 

^■(D^J$A<rtTl5<DD N A^^T'HiSnlteT-fcS C i: £ 
JIHiLTCtf>S&B.a£5Sj&£-fe!-fco £ t>lc colli {HOTS! B8 

h'j^;u?|-p>^>x^7n>^^ (liiT. 'Ows? 
v*y h'J 7-7— CD* $y-;^;§;$-e 

MtbLT, C<7>fgBJ£55j#£-t±*:. 

[0 0 1 3] JUT. C(D^Bjro*J6<7)}f$©lC-DCNrPL 

<siBj!-r^ 0 

[0 0 1 4] 

7- Mi, mti&i£a>liJ60i|i lc^0)IS^J$5tLrc 

£v*£PPpt$ >iK 1 : 1 SfilC;l^f -5 C £ I- J; o 

jf'/UWh'J 7^- Mi. £16011 lct^Lfc<fed 

fey. §^KIxy{K5C<!:j4<-C-£-&. 
[001 5] CCDfgB3<D^b^Ji£7J;ilcJ3^TI*. ±1B 



(4) 



(73 1 y 0M 5 U O A h 'J ? ^— h £ ffl ^T^SSP 

JUST? * v ^'J >y-T4C t Cfcot. RlrS0)£SIB5iJ 
[0 0 16] tt*»*fiaHl3t^U^>K*X7hDT5y 

NA^ICttffl-r*4«JSON-illifi«3l^ ^vF* 



[0 0 1 7] JU±<Dtfcyi=f9C>+lfc4aSia>N-»« 

U=TX 9 U4-?K£*Jft-*-&C COT 
£j££j£l*. rtiSS(DDN A-arfLWtZmiK fW^Pha 

S^roggjgftii^^izfflx. t>*u «fc y ^j$g<z>isi\;*- y 

[0 0 18] fcfc, /<^S^;UWI>U77-I> 
I*. &T<D£JC5£l::J:oTfta-*-«C 
[0 0 1 9] 
[ft 7] 



go 

H 



CF 3 S0 3 H (1 SJi) 
CH2CI2. 25°C ( 10# 



CF 3 S0 3 ~ 



H 
100% 



[0 0 2 0] JilT, HJ60iJ^*LTCCOai^CDf|BJ|co 
l^T£ ^irPfflfro^tttfjirl&e.s^-.i.tf. COTS&BJiSJii 
T<7)CJ|C J; -3"CRl^$tl5 t<D"Cli^CL^ 0 

[00 2 1] 

[fSS&ffil] 

mmmi -ys^vj^amj:?^— hrosss 

^ufrapt $ >*jU7fci/&£S?$ a ap« $ >cK 1 : 1 
=a*K;I£U 2 5°C-ei .0#MSJS*1*4C:fcl::J:^ 

t, crosi^ro-fs^yy^Ahy^^— h^iSSL 

[0 0 2 2] 
[ft 8] 



CF 3 S0 3 H (1 ^S) 



"N CH 2 CI 2 

25 °C, 10 # 



|T > CF 3 S0 3 - 



•N + 
H 

99% 



[0 0 2 3] Hbtlfc-f 5^;'J^h'j77-hli. 



^flI(D7j5£l-J;^^*fro!Km. « 1 \ziji Ltzt tS y CDft 

[0 0 2 4] 
[£ 1 ] 

lll/S 197*198 °C 

5c3lSft#r ItIM : C 4 H5F 3 N 2 03S: 
C, 22.02; H, 2.31; N, 12.84 
: C. 21.96; H, 2.30; N, 12.74 



[ o o 2 5 ] mmm 2 : ^sas^a* 5 u?t-*> k*x 
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)UTlr-?-cDSJSSCif^Lf=*5l=. HJ&flJ 1 -f £ 
*V'J -t?A h y 77- h£<yj&lcffli%Ti£*SB*&«S:a 

[0 0 2 6] 
[ft 9] 



DMTKX e 
OH 



CNCHaCHaOPINd^Hy)^ 
B (1.05-1.20 ^fl) 

imidazolium triflate (0.5 



CH 3 CN. 25 °C. 60 5} 



□MTrO. B 



O 



[0 0 2 7] CC0Sf5lcJ:or. S2l-^Lfc4fIH<D 



CNCHjCHgO' V N(AC 3 H 7 ) 2 



(5) 



NH 2 NH a 



B: 



yield, %: 
purlly, %: 
3, PNMR. ppm: 



[0 0 2 8] 
[*2] 

O 



NH 



a, <;X N x 

i i 



NH, 



O 



96 98 97 

>9B :>98 >96 

149.0, 149.1 149.2. 149.3 149.1. 149.2 



NH 
I 



>99 
149.0, 149.1 



[O0 2 9]*Jt«3: DNAi^(D*l* 



JUIiS3 0>fc&V tLfc. 
[0 0 3 0] 
[13] 



step 


operation 


reagent (s) 


time, mln 


1 


washing 


CH 3 CN 


0,50 


2 


detrltylation 


3% CCI 3 COOH/CH 2 Cl 2 


1.0x3 


3 


washing 


CH a CN 


2.0 


4 


coupling 


0.1 M amldlte /CH 3 CN 
+ 0.1 M IMT/CH 3 CN 


0.25 


5 


wait 




1.0 


6 


N-P deavage 


0.3 M BIT/CH3CN 
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BIT » benzlmidazollum triflate; IMT = Imldazollum trlflata 
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DEAE-2.5ji(250 mm) 
0.5 mL/mln 
25 °C 

A: 20mM Tria-HCI (pH 9.0) 
8: A + 1 M NaCI 

A: B (100:0)-»(50:50) linear gradient 
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